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ABSTRACT : 

PROBLEM TO BE SOLVED: To improve the performance of a 

increasing the mobility of the transistor while preventing 
the generation of 
junction leakage. 

SOLUTION: When a transistor 1 is formed to a 

irfs e :"Su:iir C ^ y « y hav 2 in g a strain effect for«d to 
the upper layer of a 
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semiconductor substrate 11, a source and a drain 14, 15 

shaped only to the . . 

strain-effect silicon layer 24. The transistor 1 is formed 

as an N channel MOS , 

transistor, and a P channel MOS transistor can also be 

s^in-e?fect silicon layer 24 through an element isolation 

reaion. The logic . ^ 

circuit can also be constituted of these transistors. 
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#aL<li5nm~l 5 nm^ff^t^^ilT 
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W4, s^xtc, witf^y^^y cs 1 h« ) (a 
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ax***-* 5 k e Vt LX bSM tfyw&l&JRS* 
6nmfciBJgU F-X**5X 1 0 15 fi/cm* Kg 

-yy/&frfcLTI4. 7r-*X7--U^<0^ 

Wi. «itfT--y^«K*8 0ox:. T— — y y 
mm* 2 oft£.w&*h . ttdmMBT-- y yy 

( RTA : Rapid Thenal Annealing ) 0U.I4EL 
A (Exciaer Laser Annealing ) K<J:oTfH%&£ 
tt. «itf»WU-irjW>X*/Wf-t 1 J/cm2 t 

ktioT, f£\iti&0)V—X • KW>14, 15 

(Sf^ais^enmga) wwfcsii*. frfc* -tar 

Ati-^-Cffacik^ffiLV^ COJ^fcLT. 
[0040] =Srfc. ±£V-*- FW V14. 1514 
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7\ SvfflF-ey/. BffiF-fi'7 , 3f<o;fr££RHvC 

[004 1] jjwa^h^s^tTaaK&t&c 
»4, XYV4y9&yVriym2 4<r>Mz%m>&\'? 
yVX9\<nV—X Yis4y\4. \5*&&thZ. 
tfrh. V-X- HM^14. 1 5<0ff^l4^hl"f 
v U 3 y« 2 4 rtOAfcmSfl* - i: fcfr* . 

[0042] ifctcm^S&lih 5 VxX^<0»jS^t:« 
fc£3*2|&i8B®?>-fliS:. 04OSBtIgH(cJ:oT 

mmti. 04TI4. fne03TiftBBL3t<otpawa 

j£S,H.W4ll-fi^*f«-. 
[ 0 04 3 ] mie@3lcioTitBHU:m#*!>&h7V 

isx9<m&-m.<>zii^x. y-bmsm* ltm&i 
04<o ( i ) tz^txoiz. y-hm&i 3t% 

sy-Ftt«B (4 1) ±(i^7-t-/ MfiHISl 6&B 

&LXfrt>. y-h<w--y?t:fto. atv^T, y 

) -X-FWV14. 1 5?:»«L, -5-^^ H«>* 
-;H6»R 17.18 ZB&t& . *0>&. SSWltcx 
t^^^+;H£*ffitcJ:oT. V-x - KH^H. 
1 5±tSS?WCxU3y5:tt»LTx'J3>xtr^^ 
yrJH3 3, 3 4it, Mitf5 0nmSS<D®?t:}B 
*4J. JJEV-X- FWV14. 155:LD 
D (Lightly Doped Drain ) flB§fc-t&*&£-fcH4, 
r-eV^-^y^ffofcS. LDDfl|J&?:}g*-r6fi 

TSOXM^f >'S6mx , J3>'Ji24t, Mitf-f^-y 

F'>*-/WfeSK17. 1 8iJ8&LX frhlSiV 
-X ■ YV4y\4, 15 (rm^WSiBm-h . 
[0044] »CIVC@4<7) (2) (Z^ctXoiZ. x'J3 
yiW+yt;H3 3. 3 4H£>£fflfciS§l>5&RB 
3 7 5r0|i.J4x/s--/ ^ 'J v/afcl4fcs?K^18J££ ( C 

vd) mzx^xmfSL-tt. -toa. ^s&a (MitfR 

TA) SrfT-oT, xll3yxtr^^->'-*-/H3 3. 34 
«i/ »J 3 y i: ^li^Sl 3 7 t JrRie^-lirT . 
yij3yit?^y+/H3 3, 34trJSlLA^S>'y 
10 ^H«35. 365rJg«-rS. ±!Bi6i!£&£Jf 3 7 

i4. witf^^yiT-m-rs. wco^tcji. ±ia© 

Bb£&gS'!m F135. 36J4^y^'J^FB 

-toa. MxtfX /^-y^«to-C. 
h»6»)Sl SiiS.klX-t'f H«>*-^l^6SRl 7. 1 8 
tcnXR&tc-m&km 3 7 ( 2j5M»T7*tm) 
Zti&th. ZeoXoizlX. V-x- FMX14. 
15±tC. y'j3Vie?Jfy^H3 3, 34t,Z : B& 
ltzm&&g, : yVV'( F13 5 . 3636^^r4S*± 
(f V-X • YV4 y3 1 . 3 2*<JBJ£S*LT. 
50 h7yxX^2*^B£$il&. tcH. xlB^'J^ 
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[004 5] ±M&>m%hy>-;z9 2<0i!S*ftT 
14. V-X- 1 SiCitaL^vli^^ 
It^^yt/H 3 3.34 OlMii'V^H Yfcth 

S-fSCli:*^. FW>14. lSJi^'J-t 

too46] mz*micvmimwiztobi>m i ^st 

[OO4 7]05fcijr*-«fc3l::. ¥5ttS«l 1BBTF 

WOkis 1 ) oym 2 4 fcjWWaRftSftXH* fc<0?& 
h. 

[0 04 8] ±11^3 >*£2 Hi. Wtlff-a?? 
(CZ) £fcJ:D9l&-bJf6*ifcP' fi^'Ja 

*MSli-i Ge, 9. v'J=JVS 

«2 1H <k 0_hJB«fcI*«rC y*v-9 A<0ffil££ x = 
0. 04*^x=0. 3WBfc*Htfc5''J3J'yA'V- 
*&£»6&9. flUtfl. 6*(mC0g$fc$lS;$*VO^ 

[0049] $tfc:U5-!'^^S23«. Wttf. 
tffflaZtlX^i. n- SOv-'J ( S i 

0.7 Geo.3 )*>£>=5r9. 0. 6vm<D&Z1Z&tfLZ1X 

~mt l/Cl 3nm<0^iC^$tl.TV^. I^h 
W4y»*vy3^2 4«, ^M^4yS»*5r§ltai 
■tf&gS. eUtf5nm~3 0nmtf>S3. #*L<»i 
5 nm~l 5 nm<0©Sfc»«SnTV^tfJ:V^ 
[0050] n^-v+zl'ScomffSftmh^y^ 

5 yyX^ 3*«^lS3*li«a«-^W^«1-S h W 
>f-ffi£03H^«fB«5 1 *<. X yJDHv U 3 
VI 2 4 »J 5 -v 9 XM 2 3<0±Bt*»»tT»jS,Sil 

a^issti** vwk^) 3 2 4 xv y 5 

»/?*12 3<0±St*>»tT<^«t:»ip'>x^2 5tf 
$i£$Jx. p^^;wS<omiWS*b7y^?3*^ 

issns* vssm^y 3^12 4t>j:if'j 9 

XM2 3O±lt*>»fC<0fg«Win^x;W2 6#JBl£ 
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y : Jx 9 1 fc p ^-v *;P£<om#j»* h 7 y ^ 9 3 t 
*>£fr*¥3^S5*mSft£^*£«l 1***1 

[0051] ±ienf-^*;PS<omiW6*h7y^X^ 
Hi. JaT^iofrflljateJfct. -tefrh. ±S*Yi» 

a vyms vo>m2 4 ±tii. y- 1 2 tit 
L-cy-hmffii3#m$fv ioy-hs«i3<o 

?Sffl£fc»t£* h W vW&i/ vayf§2 4 <oUf C«i 
n* y-X- KHV14. i5*qe 

' *S*i"CV*4. ±Sy-M6«Kl 2»i. CUtTES** 
1 3 n mOKflli' 'J 3 >T&»Mr 0 . ±lSy- hm& 1 3 

a. MiirsKUyya^^i. tftimv-x- y 

H y 1 4 . 1 5 H. 0U»f ££S5* ! 6 n mggC# 
4. 1 5»i^hW4>'3»*^y3VJi24<0**cm? 
X91tfmf$.2tlX\->&. 

[0052] -H. ±Ep f^r */l^<om#3&* h 9 ^ 

) ^M^-fya*^y3yS24±tli, y-M6»»7 
2^L.-cy-hmffi7 3WB«S*t. Z<r>y-btt 
7 3 <0HH(Cfc»t&X h U4 y%% s ^ y 3 VJi 2 4 <0± 
JiWiP* SKIMBA^Sy-^- HWV74. 7 
5#S«cS*VCV>6. ±IBy-M6»lfi7 2li. Witf 

ss* 5 ! 3 nm^BHt^ynya^sry. ±Ey-hm 

«7 3<i. fditf^yxynv**^*. ttilMV- 
X YV4V14. 75»i. «i.»f»^aES* { 7nmg 
g»C»S?itTV^. LtlWiX. Z<OV-X ■ h'U-f 
^74. 7 514X^4 yimi'V3ym2 4<r>MzB 

[00533 UB^NSftiSS 5 n 

S&mh^yxx^iwy-^- KM^i4, i5fci 

Xfv>***)VWmSm&Y?y : JX93W-X- YV 
4yi4, 15tfXYV4yfflii'V3ym24<n*£. 
jmztix\*i>zt»e>. v-x- YV4y\4. 15 

HXlfV-X ■ Y\"\yi4, 7 5<0*«^liXhW4 
yWkis*)oym24Wzft<£fhZt£.t{:h. 
y>, «£y-?0&£#g£fc<< : G:£. ^/cn^^ 
10 ;l/S^mffS!)*h7y^^lof-^*;U)i»iXM^4 
>'S!»«vy3^2 4t:m$iil>/i*'>. x'J3>i:T 

sfecoj/ y n yy^-7^^A*><5>^& ofy9xm2 3t 
coimn&tf>hz < % i . v y 3 y/Rfl:^ y 3 > 

y^^y^gm{42fgi5<t:i6]±§^l>. Zh\z-o 
<r>xvvAyim^)^ym24^Ji t v-x- Yv^y 

50 14. 1 5fcJ:tfy-* • YV^ylA, 151WJS& 
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[0 0 54] ±E^«^S5ii, I«*>nf-**JW£ 

[0055] <Kfc¥$fc§ssi;:0fcb&SB 2mm®<?>- 

it. ffS05Tl»BHL3tcokHaoflI«l»fptc»iB-flF 

[00 56] 06tc^-J:dt, «IW»*F7>i''x? 
2tt. @5£J:oTilWLfcm#«)*F7^x?ie 
fcwt. y-X- KM VI 4. 15±tc. <-vb«?>&« 
*±»f y-X • FM V3 1 . 3 2£#l£Utt>*>T*> 
*. -r&*>*>. «*±lf y-X ■ KM V3 1 , 3 2 
n'y-^-KWyu, i 5_hfcjBi£3ivo>s>' 

•j3Vxe^^^-v;Hi3 3. 34fc. te^yavx 
e**x*;Wi3 3. 34fc:JBl£3*iT^&®»l£&K 
S^yiMK«3 5. 3 6kH«. y-Fmffi 
1 3±KHt*7-fe-» MHHI1 63WBftSflT*»0. - 
«y- 1 3 OMUcfcHM * 1 
7. 1 8#»j£3*lTV^>. *fc±£y-*- HW^ 
14. 15«i. iM F**- JWMM17. 18T?>x 
b M yJ»Mv »J a VJi 2 4 fcfflafiK&fWI Sr JBfc Lfc 
LDDfllJStLTti^. 

[0 0 57]-*. mira£F7VyX*4tt. 05fc 

j:oTraLfc««WRF5vs/x*3fcBvvc. y- 

X- HMy74, 7 5±fc. V*WM«*Jbify-X 
• FMV81, 8 2£JBl£U:i>tf>Ti>&. -Tfrfc 

*>. WWJfy-x • KM V8 1 . 8 2<±. y-x • 
KMV74. 7 5±tm$*lTV^^'J3>'Xt^ 

183. 84fc#lfc&ftTV»6Wl£fcBS' , JlMK« 
8 5. 86fc.aW-.fc*. y-F*«7 3±fcli* 

7-t-/ n^K7 6*qgffi.$tLTfc'3. ioy-h«fi 

7 30>MfcttlM F«7*- /H81M7 7 . 7 8#»Jft 
3*lTV>*. £fc_tEy-X- HH >7 4 . 75W. 
-»M H»>* -/Hfe»K7 7 . 7 8T<0X hH 

•j 3 yj§ 2 4 tcfiiftgaeai £j&£L*: l d DABst l 

Tt>J:^. y-h««13. 7 3#*yiM F« 

±&*7-fe-;rF»feliK16, 7 6lijBJ£3*L&». 
[0058] ±M¥5ttSSg5Ttt. »*_Bf y-X • 
KM V3 1 . 3 2tiXxm*±if V-x ■ FM V8 
1. 8 2ZBtfLLtzZtlz±L y-X- KM VI 
4. 1 5fciI/y-X- FMV74. 7 5£V'.J1M 

v{t-thzt^<m^i^fzmx\ y-X- F 

HV14, 15&XVV-X- FMV74. 7 5W 
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^-ha^iSrfi^rs^fcjt^iigcfci. *<o£5L y 

— X • KM VI 4, 1 5fcilfy-X- FMV7 

4.75 (cs^$fii»ia8o©ai!j^*^riEtcfc& . 

[0059] *^^^«^S<OS3t*ak:«i5S5B 
lHttJB®<0-«?r. H7<7«B&ISHK:J:oTilW 
£. 07Tli. f^5TglEUc«fcl^®Ofllj£35,R. 

[0060] MfEH3<0 (1) fcioTHBHL^fcH 
BcO^lCtoT. 07^(1) tZ^tXoiZ n V'J3 

yg«2 1 ±.tz7 ! fr-?-vj*m]gLi:mzijftiz&{k2it 

fcp- iWy'JayyA'V^A (S^ii-. Ge, ) 
t,WA77r-12 2J. Wxtf. Vy3V£«2 1 
Hi OJJgBKfatfT x = 0 . 0 
4*>*>x = 0. 3tSfl:S-frTvU3Vy;WVX«>AS: 
JflTT SCLfctiD. 1. 6jum<DJ?Sfc:Blfc?-&. ± 
E^ynvaa^ifcli. 0!i.fefczfttc«tO5l&±»f 

[006 1] $ h <yyr-m2 2 ±fc&}ja<« 
ft^ilTV^n- ScOv-Unvy^vx^A^t^sy 
7-y?XB23Sr. W^y^-^AiOffijfcfr^ 
0. 3<T)z/ \) ? >Y &£Z0. bumcom 
^zimLxm&i-h. Z\,XZW)y<i9xm23i. 
CX F V4 >fflktt-$h*mVmtti;hX YV4>*i 
a^'j3>a24?r. -fiHjfcLTl 3nmC0^SK:»« 
•f*. Cl<0XFH>'«lSv'J3>'«24«. XFl'-f 
0Ufcr5nm~3Onm<7)S 
jffiL<li5nm-l 5 nm<0ff$K;^ft3<tTV^ 

ij3^7=9iJ (U7-y^xB2 3) ky'jay 
« (XFW>f VSS*^ynvS24) fccO^^RcOS 

»S«1 liSr»BW&. 

[0062] F 1^ y^-«Ji<0*^SIfS 

i&D^JfefrfttCioT. nf-A-^^m#S»*F7V 
y'X^ 1 A^Six&<B«fcJ:Vpf-v^ffiW«5H» 

FUy^»£«0^#*#»£5 1 XFU-f 
y 3^12 4*>f>'J 7 -y ^X«2 3«ntwnM 
fcfc. ±IBi^<0F^y^flljt^^»fl|ji«w 

»«:*afc(±. Mi.Kyyy77-f-«ieijj:ixx.yf- 

yy««t:J:oT^(*^lSl ltcFU^$-Bi£Lfc 

ft. ^^)FU>f-tc»6»)S?rS^iiA. 

«1 l±<D£#&ieiiR£. Wilfi7f/<"/;. -It^ 

[ 0 0 6 3 3 «V vc. n F 5 y V 
X 9 1 3Wg«$ti4 x F M »J 3 >M 2 4 1> J; 

l^'j7-/^xa2 30±lt:*^T^lSt^ p->x;|. 

50 IE. n->x;U2 6±C»i, Miif Vi/X FVX^ 
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m) m&ixa<. &^x±s.vvxv-?x9m 

fSLZtlhX V V9&sfc yB24ti£V t )y?? 
XM 2 3<0±ltwA»«tTO««t. n ^Xrt- 2 6 i*T& 

xy&z.mtzX'iTmjs.-ti,. torn. p«*x^ 

Bl*-f*. _t£n'*x^2 6*>.i:tfp'?x;U2 5 

<0 (2) ~ (4) TJi. ^'J3^S«2 liiitfAW? 
r -1 2 2 <D-S5coa^«i*«-r i . 

[00 64] <Kwt15gH3<0 (2) tcJ: oTijJHHU: 
<0tHtt<0^rffiK:J:oT, 07«o(2) izjfrrxoliz. 
XFW v«i*^UayJI2 4±fc:y-Me»Kl 2 

(7 2) iSMt^UnytMtS. gv»TCVDii: 
loT^'J^U3>«r*»UTy-^ttlS4 1 (2£ 

vXhK <B*£*) <0#l£. yy/7 7-f-8HStc«fc 
OU^FRfc^-xyrLTWi'TsF-?.*? (B* 
£*) ^k^hvx^S-x^^-y^v^.^ 
tcfflv^x^f-^gafifcioT, y-M6R«12± 

t=y- h«fiiS4 1 n *^£<omiw»* b 

^i^oy-hSSlSSrJ&frfifcfcifc, 
Mft»K7 2±fcy-h«»S4 lH^Pft^ 
F 7 > v'X^<oy- F««7 3 *#j£-f * . 
Z\<KLv+y?T\±. ^-MfeSH12 (7 2)<02£ 

taa-c^ra^tx^f-y^^fii, . 

[0065] <KWt@7<0 (3) fc*rf idfc. UyX 

h^ffifcj: if y y ^5 7 < -muz x otp »>x^ 2 5 

IZHLoWJXYlX? (H^SW) fcmUrft, p 

*^S<oSlwas F 7 y : Jx 9<nv-x ■ f w y 

jJ-vaAftt. y'-hmtt7 3$r"7X^fcl^ 
bm«7 3<0PHt:te^4x F n yam^ >)ayfg2 
4fcr±EpS^tt«Jt LT\ Wi.tf-7 
y ( B Ft 4 ) J^ySAU xbH^yUn 
ym24<r)±MlZnmcDV-X- HU>f>7 4. 7 5£ 

m-r*. ±£^*>m^frfcL-cii. mm. pS 
^fttc^-z-it^^'f^y (bf: • ) zm^tem 

£\ tt^jiax^/Mf-?: 5 k e Vfc IXZ.7 -/ft.**? 
*4*yofiUBjRg5r5ninfcSS£U F-X*£3x 
10'Wcm' izW&lfz. ±£U^b-7 
X??:, m»a6*T«yyy/fcJ:tfft?W!StJ:^T 

[0 0 66] £vv£B70 (4) ICjjrfioC, U^X 
h^ffifcitf 'J 7777 -r -tffff & J: -5 T n ^x;P 2 6 
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*>1iAT'{;L y-h^ftl 3 **>y- 
/ hm«l 30fSH£i3tt£XFU4 yWl^ x )^>M2 
4(C±|gnS^«1l)i:LT> WitftSH*:/ (A 

s* ) *4*y&XL. xhv4 yygLi'V3ym24 

<n>±m\Znm.W-X ■ HH^H, 15 £r#j£-f 

*. ±M4*y&}JkfttLx\t. mm. nm*m> 

<ch*>f*y(As' ) SrJfiofc<&£. ff*>iiAx^ 
5 k e V fc IX t £4 *y<D&»?WS£ 6 n mfc 
10 W&l. F-X*£5xl0 ,5 ffl/cm* fcffcjeLfc. 
[0067] &wc\ JJEUv'X h WifcTK 

a. iSttftrx-yy^srfro. z.o>?--W9m- 
fcLTii. 7T-**Tx-yy^oi&£fcl;L 
rx-yy^iassr8oox:. T--vyy*m*3o 
ftiz&stti. tid&&3mr=--»y? ceutTEL 

A (Exciaer Laser Annealing ) ] S«U 
-if3t<Ox^;^-5rff|xtflJ/cm* fcS^tS. 

20 V^OV-X- Y\s4yi4. 1 5*qg)«$*ti. R 
B*fc. i^attftrx-yy^fcioTV-X- HM 
V74. 7 5t>?Stt(k$*l6. -KOidHLT. n^-v 
h 7 yVX9 1 *i J: If p 

[0068] tea. ±SiV-X ■ V\s4yi4. 1 5fc 
XVV-X- HMy74, 7 5li>f3r^EAfc:«ty» 

30 [0069] ^^^SS^OSiiS^atli, X h M 
'J 3 2 4 <0*t n h 7 y 

VX9\0)V-X ■ FWV14. 1 5*J«J:lfpf-lr* 
^m?M!6*h7y^^3<oy-X • YV4yi4, 7 
5Sr»^r6ik*^. y-X- HW>14. 1 5fc 
itfy-X- FW^74, 7 5^)#»^iXM^-(y 
J»*^y3yJi24rt<0Acm$ix«.CkK: : 5fl). * 
<o^y>, «^y-^o5^*«W$l$iil.. ttz-rxnx 
h^^f yS6*vy3v«2 4tc*y-7. • Fi^fvi 

4. 1 5fcJ:tfy-X • FHy7 4. 75S:»«-fl. 

40 <r k*»^>. #y-x • KWyi 4, i5fcj:ify-x 

• KHV74, 7 5fcWJBLfcf-v*/He«l?rS)t 

[00703 Kt:^*SSWSim^ra(C«i?l»m2|| 
tt»®<0-W*, 08<Oi8JSIS@(cJ:orWTtUlHB 
^•S. H8T»i> l?£04fcJ:tfS6tc^L?t««a l fii 

[0071] 1?IBH7 tCioTl»HBUc^NH*36MOS 

assacawc. y-hm»S4 i^sl^ as 
cod) tc^riot. y-hmffii3, 7 3t^sy 

50 -He»R(4 1)±t:7r7-fe-yhie»ISl6?:mt 
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-KMV14. 15*><fctfy-X- HM>74, 7 
5£$j£U *<0»lM K^*->Hfe*iRl 7. 1 8fc 

H^*-;H6I8R7 7. 78$:^j£-r&. * 
is. ±EV~* • FW>-14, 1 5fcJ:tfy-X • K 
M>74. 7 5£LDD (Lightly Doped Drain ) fl) 

l d Dnmzm&+&ffi&g&&mt:Mz-if4 *>&a 

•v ^Smim* K 9 V^'X D D ii nScOfi«e 

iouiTmet&. y-MMsi3**B(c-9- 

4 JMMS17. 1 8£®JfrfSfcfct>fcy- 

Km«7 3£Dl!l£KlM K^*-n-*6SR7 7, 7 8?: 

»l£LT*>£y-X • KMV14, 15*5«ktfy-X 
• KM V7 4 . 7 5<D&lSm&m*ti*tltzW6 

■n^wmsY-^y^m ({**«>( *>t£A) 

10 0 7 2] *<D«. ffl^Ut^^y+^afc 
ioT. V-*- KM>14. 1 5±fc»Wt:^'J 
3>'5riMILTxU3yxt^^>'-v;l'Ji3 3. 34* 

jmh-6. w*t=» v-x- rWW4. 7 5±(ca 

3, 84£#Jfrf£. 

[ 0 0 7 3 3 ttWCMEH4 O ( 2 ) fc «t tXtM bfc 
<0tH»<0^aCJ:-5-C. 08<O (2) tc^Tiot. 

34. 8 3. 84ffl<9 
^BitciSiLjS&K MS 7 tISAtii 

ifc. ftWIUUtfRTA) £fr->T. ^'J3^xW 

34fcSlt&felS^y^H 
W^WF)I35, 36£JBj£LT. H*±»f 
y-X- FHy31, 3 2ir»jfttS. S"'J 
nyxe*4fW/Wi83. 84fc£Bu£&Bi' , J-'M 
K (fai&Wyi'tyW K) J18 5, 8 6i»UL 
t> «*_Bf y-X • KM >8 1 . 8 2 

gl3 7 (2^afi-CSrr«dr) fc^*^*.. :o±o 
tcUT. «*±»f y-X • KM 5" 3 1 . 3 2£»j£L 
fcWMM K 5 2 1 . »*±ff V-x • K M 
V81. 8 25r^L3tm#S»*K7y^^4*^^ 
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^^USSa^i^Sl 3 7 5r Jgjftt 6 . 
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im Kfcl/r«*±tf y-x • km y 3 1 . 32. 8 

1, 8 2SrBJj£t*.Ii:a^ V-X - KM VI 4. 
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15. 74. 7 5li^y-9--f KftSn'SrW *<0fc*>. 
tffcV-X • KM V 1 4 . 1 5«>ani8£*«-5fc« 
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10 [0076] 09fc*?1frJIlslH 1 1 Hi, ISSCC Dig. 
Tech. Papers, "Cascode Voltage Switch Logic: A Diff 
erential CMOS Logic Faiily." (Feb.) (1984) Heller, 
L.G.and Griff in.W.R. ,pl6-17 OSK^&ihXHSHIS 

(nMOS) 1 1 2-1 1 5b. 
P M O >y ffilfrf h P K 

=7>i?Xf (pMOS) 1 2 1. 12 2fcfcL IS^Bl 
fcit/HSKJ^TfiEUfc^NlttfflSl l<o±Efc:» 
l£ W:X K M y*mwzivm 2 4 (cJMWiuCH 

±IEnMOSl 1 2~1 15<0*y-X- KM^ 
(B^S«) tXKU'f ySMIi/'J3yJB24<0*fc» 
ife±EpMOS121, 122<0#y-X- 
KW4^ (B^i*) «iXKMy»H^ , J3Vl24 

[0077] Jfi^ligttl 1 1T«. nMOS112 
~115<^«-y-X- YV^V»XYVAvWk^)^ 
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< <^ri<0T. ^I0»1 1 l<0<!«ttcO[iQJb&<Bfi 

i^:±ie^llsl»l 1 lT«i. ftfllinMOS 1 1 
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LTpMOS?Scll7-yf-^R»1-|.t^fc:. IftSlHlBt: 

sasax^<^s. ^^^oitfiiiiBi i itmmti 
x. iwmt#K7y^x^tc*»*>im**»'«w$*t 

40 ^"BlffitC^S. *fcnMOS<D?--X'*/Wil;tXKM 
yS»m^'J3>'®2 4t:»«$itl.fctf). i^'JnvtT 
ftbf5i^ U 3 yy/UV-^AA^S- & 'J 7 »-> ? Xl 2 3 1 

»i-e«^)®fi* { 'hs<^o. »»s(i2(g>a<tc*i^ 

•tS. Lttfot^ nMOSh^y^kLTWfflS 
3>-y^^yxgm»i2tei5<t:iSi±Sii&. p 
mos l 2 1 . 1 2 2(cJiattlfe$r^*$ixTv^v^ 
tt. >J?%^%=mX'(r)fttfW*imz%&. ZViiolzL 

50 t< ffimE-c^aaw^^iftaiEiB^flUiE^ixs. 
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[00783 mzw%m,\z&hhw,2msB&&<o-m 

[0079] SI OKiirtlfcJlHKl 3 Hi, IEEE J. 
Solid-state Circuits.'A 3.8-ns CMOS 16xl6-b Multi 
plier Using Complementary Pass-Transistor Logic," 
25 (2) (1990) Yano.K. et al..p388-395 tcBJ^itT 

^mmtfLtmrnx-b*). nx ■ vvyvx? ■ 
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(nMOS) 13 2-13 
5fc. CMOS4 >*-9\ 43. 144t. ffi*^ 
;l^)Mffi*ff^pf- J r*;UMmimmb7>^5' (p 
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(Dx-tzmtfiztix^b. 
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- 1 1 • FW F U-t 'J 3 
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<<&*<ox\ fbmsimi l lcofiRttforsi-b!^^ 

£. 2fc±Sf&SEBl31-C1i. t&UflaSlinMO 
OS4 WW14 3. 14 4t:J:-j-r. WitfnMO 
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-f^:fc*> r Hj W*v/P£V 
nofcltiEfi. Z<Dtz#X0p MO S 1 4 1 . 1 4 2 fctt 
BBIWjJiv^&u. ^fcpMOSl4 1. 14 203c£ 
7-/f-WRKI!^*«<^^^v%J:d(c-r&<w»i> pM 
OS14 1. 14 20H"V*/Ha£*§<* f-v*iWfi 

[0081] «V»TIWH»fc:«*>*» 33Wtt»«>- 
01*. Bl lOEIHHfcA-jTBWI**. OTOiJBBT' 
tt. SS01. 05fc«fcoTl»HLfc*«j£&Sni:Htt 

[0082] 01 lfcjjrnftSSBl 5 Hi. Proc. IE 
EE 1994 CICC.'A High Speed. LowPower, Swing Restor 
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ed Pass-Transistor Logic Based Multiply and Accumi 
late Circuit for Multimedia Applications." (May.) 
(1994) Pra»eswer,A..Hara,H., and Sakurai.T.,p358-3 

62 izm*2tix^&mmi&.tm&x'b>) . ^x • f 

■ftchh. nMOS/U' h7yy*f ■ af yftC 

Mos7-/i~&m^t>tix^z>. -t lx^x • Y^yv 
x3v-,7 zntfith n */\,mmft s&m f ? > 

i/Xj (nMOS) 15 2~1 5 5fc . CMOS77f 

io ^m.-thv^^)vmwm^kvvy : Jx9 (pmo 

S) 161. 16 2fcn?-+*/t-Mm#$&*r-7>>'** 
* (nMOS) 163. 164fcte. l5iE01fc«J:I/@ 
5£ioT§t$U:¥«*<*S«l lOjJHt^lfiL^ 
FH y»*^y3yJ124t^$ilT^S. C1<0«I 
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HrV-x- YVAy (0^S) t^FW^ai&i'y 

3>-S24<0AC»«?iX. i3t±SpMOS16 1. 
16 2<0#y-*- FWylBSWIWhH)' 
20 Sft*yy3yS24^t:»a3^TV^. 
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h. 
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X^i. 
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ym 2 4 £f|#3»& F 7 yv'X^ 1 WWfcgg 5 5:^ 
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®^-«5r. 01 2O«"&««Brffi0{c«k-5TittHW 

s. 01 2xii. mmiiz£'>xmtyi>tztto&M&t 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has begn translated' by computet. So the translation may not reflect the original 

precisely. ^ 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words-are not translated. 
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[Detailed Description of the Invention] 

rThettchnical field to which invention belongs] this invention relates to the semiconductor substrate 
in which the logical circuit and they which contain the field-effect transistor in^hich the source drain 
was formed, the semiconductor device containing the manufacture method and its field-effect 
transistor and the manufacture method and its semiconductor device in the silicon layer which has the 
strain effect in detail are formed about the logical circuit and the semiconductor substrate containing a 
field-effect transistor, the manufacture method and a semiconductor device, and the manufacture 
method and its semiconductor device. 

[Description of the Prior Art] The device by the material using the strain (distortion) effect is becoming 
possible by progress of IV group semiconductor materials, such as silicon / silicon germanium and a 
Sim coating technology, and the research which aimed at high efficiency and the low-tawy 
device Z very prosperous in it now. In a thin film semiconductor, an energy band is distorted and the 
aUve-mentioned strain effect means that the effective mass of a carrier changes, when a film receives 
stress it is becoming possible to form the semiconductor thin film which has this strain effect by 
devisins multilayers such as for example, silicon / silicon germanium, and controlling membranous 
fnSsTess b y y molecular beam epitaxy technology, chemical vapor-growth (UHV-CVD) technology 
S an ultra-high vacuum, etc. Thus, development of a highly efficient MOS system device, a sensor, 
etc. is also progressing by controlling a band-gap difference and a membranous strain by the 

S increase of a silicon film, tensile stress will be received by the silicon film of the SOI (Silicon 
on insulator) substrate formed by the formation technology of a zone melt method and the single- 
costal-silicon film by irradiation of an Ar ion laser etc. On the other hand, compress.ve stress will be 
received by the silicon film of an SOS (Silicon on Sapphire) substrate. Consequently, m the former the 
degree of electron transfer becomes large, and the mobility of an electron hole becomes large m the 
latter. In other words, in the former, the mobility of an electron hole becomes small, and the degree ol 
electron transfer becomes small by the latter. ...... 

0004] Moreover, if depositing a silicon film on the epitaxial layer of the so-called silicon germanium m 
the relaxed state where stress is eased in the case of a silicon system MOS (Metal -Oxide- 
Semiconductor) transistor, speaking concretely, improvement in the degree of electron transfer can be 
aimed at with tensile stress (if it says strictly, the band which degenerated to six ,s explained to be 
divided into two bands with which effective masses differ). On the other hand, if the s.hcon germanium 
(so-called germanium rich silicon germanium) film containing many germanium is tormed, 
improvement in the mobility of an electron hole can.be aimed at with compressive stress. 
[0005] Based on the property of such a strain effect silicon layer, the result of a high mutual 
onductance [gm (mobility)] is obtained by the MOS transistor which ™™^ ( ^^^ 
stress of the layer which forms a multilayer and serves as a channel. Appl Phys Lette (USA) 63 (1993) 
S P Vonnigense y n et a!., and P 660 And IEEE Electronic Devices (USA), 43 (1996) LHJ.ang and 
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R G Elliman, and p97 **** - the pMOS transistor is indicated Moreover, Appl.Phys.Letter (USA), 64 
(1994) Klsmail et al., and p3124 (1994) And the nMOS transistor is indicated by I EDM 94-37 (USA) and 

{oOOflOnAe other hand, the path transistor is proposed as latest highly efficient logic (LOGIC) which 
Performs low-battery operation, and the proposal in the latest applied-technology fields, such as CPU 
(Central Processig Unit) and MPEG (Moving Picture Experts Group), is made. Such a logical circuit 
requires the highly efficient property that the nMOS transistor used as a subject has a high mutual 
conductance in low-battery operation. On the other hand, even if there are few element numbers at 
precharge usage [ a pMOS transistor ] etc., a demand is not carried out but the working speed like a 
nMOS transistor determines a performance by adjustment of channel width W, it is not 
disadvantageous in area. 

rProblem(s) to be Solved by the Invention] however, with the pMOS transistor and nMOS transistor in 
a Prior art which gave [ above-mentioned ] explanation, since junction of a source drain is located m the 
small silicon germanium layer of a band gap when application by the highly efficient low battery is 
considered, and since junction of a source drain is formed in silicon / silicon germanium interface, the 
existence which is leak serves as a technical problem 

EL for Solving the Problem] this invention is a semiconductor substrate at the logical circuit row 
containing the field-effect transistor made in order to solve the above-mentioned technical problem and 
its manufacture method, a semiconductor device and its manufacture method, and its semiconductor 

fo009l a field-effect transistor is formed in the silicon layer (henceforth the strain effect silicon layer) 
which is a semiconductor layer which has the strain effect currently formed in the semiconductor 
substrate upper layer, and the source drain of this field-effect transistor is formed m the strain effect 

[OoTol In^above-mentioned field-effect transistor, since the source drain is formed only in the strain 
effect silicon layer, junction of a source drain will exist in the strain effect silicon layer. Therefore, 
generating of junction leak stops being able to occur easily 

fooill The manufacture method of a field-effect transistor forms the silicon layer (the strain effect 
silicon layer) which is a semiconductor layer which has the strain effect it is ineffective m the upper 
hver of ^semiconductor substrate, and constitutes this semiconductor substrate. Then, a gate electrode 
is formed through a gate insulator layer on the strain effect silicon layer. And it is the manufacture 
method equipped with the process of forming a source drain, by doping the impurity for forming a 
source drain in the silicon layer which has the strain effect in the both sides of a gate electrode. 
r0012l By the manufacture method of the above-mentioned field-effect transistor, since the source dram 
of a field-effect transistor is formed only in the strain effect silicon layer, junction of a source dram will 
be formed only in the strain effect silicon layer. Therefore, generating of junction leak is suppressed. 
r0013l the p-channel type field-effect transistor and n channel type field-effect transistor which were 
formed in the silicon layer (the strain effect silicon layer) which is a semiconductor layer which has the 
strain effect currently formed on the semiconductor substrate including a field-effect transistor m 
which the semiconductor device gave [ above-mentioned ] explanation - since -- it becomes and each 
source drain of a p-channel type and an n channel type field-effect transistor is formed only in the strain 

foOHUnThe above-mentioned semiconductor device, since each source drain of a p-channel type and 
an n channel type field-effect transistor is formed only in the strain effect silicon layer, junction of each 
source drain will exist in the strain effect silicon layer. Therefore, it is hard coming to generate junction 
leak Moreover, it becomes the conventional CMOS structure and almost equivalent structure from 
each source drain being formed in the one strain effect silicon layer Therefore structure becomes easy. 
r0015l The manufacture method of a semiconductor device forms the strain effect silicon layer used as 
the upper layer of a semiconductor substrate, and constitutes this semiconductor substrate. The gate 
electrode of a p-channel type field-effect transistor and the gate electrode of an n channel type field- 
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effect transistor are formed through a gate insulator layer on the strain effect silicon layer. And the 
source drain which becomes the strain effect silicon layer in the both sides of the gate electrode of a p- 
channel type field-effect transistor from p type diffusion layer is formed. Moreover, it has the process of 
forming the source drain which becomes the strain effect silicon layer in the both sides of the gate 
electrode of an n channel type field-effect transistor from n type diffusion layer. 
[00161 By the manufacture method of the above-mentioned semiconductor device, since each source 
arain of a p-channel type and an n channel type field-effect transistor is formed only in the strain effect 
silicon layer junction of each source drain is formed only in the strain effect silicon layer. Therefore, 
generating of junction leak with each source drain is suppressed. Moreover, since each source drain is 
formed in the one strain effect silicon layer and it is not necessary to manufacture the channel cambium 
corresponding to each source drain, a manufacture process becomes easy. 

[00171 As for the semiconductor substrate which forms a logical circuit, the strain effect silicon layer is 
formed in the upper layer including the semiconductor device equipped with a p-channel type field- 
effect transistor in which the logical circuit gave [ above-mentioned ] explanation, and the n channel 
type field-effect transistor. Each source drain of a p-channel type and an n channel type field-etlect 
transistor is formed only in the strain effect silicon layer. 

T00181 In the above-mentioned logical circuit, since the source drain of each field-effect transistor is 
formed only in the strain effect silicon layer of the upper layer of a semiconductor substrate, junction of 
each source drain will exist in the strain effect silicon layer. Therefore, it is hard coming to generate 

lo019l°A ^conductor substrate consists of a relaxed layer which consists of a silicon germanium 
layer which is what was formed on a germanium substrate and its germanium substrate, and by which 
stress is eased, and a strain effect silicon layer formed on the relaxed layer. 

[00201 In the above-mentioned semiconductor substrate, since the germanium substrate is used, it is 
possible to form the relaxed layer which consists of a silicon germanium layer by which stress is eased 
directly without forming a buffer layer on a germanium substrate. That is since grid mismatching 
cannot occur easily between a germanium substrate and a relaxed layer, it becomes possible to adopt 
the above-mentioned composition. Therefore, the structure of a semiconductor substrate is simplified 
and the process which forms this semiconductor substrate is also simplified. 

[Embodiments of the Invention] The outline composition cross section of drawing 1 explains an 
example of the 1st operation gestalt concerning the field-effect transistor of this invention. Drawing 1 
shows insulated-gate type n-MOSFET as an example. 

[00221 p which changed germanium concentration in the thickness direction on the silicon substrate 21 
as shown in drawing 1 - The buffer layer 22 which consists of silicon germanium (Sil-x Got) of type 
and p by which stress is eased - The relaxed layer 23 which consists of silicon germanium (Sil-x Gex) of 

[00231 ThTabove-mentioned silicon substrate 21 is p which was able to be pulled up for example, by 
the CHOKURARU skiing (CZ) method. - It consists of type silicon. Moreover, the above-mentioned 
buffer layer 22 consists of silicon germanium which changed composition of germanium from x= 0.04 to 
x- 0 3 towards the upper layer side for example, from the silicon-substrate 21 side, for example, is 
formed in the thickness of about 1.6 micrometers. Moreover, composition of germanium consists of 
silicon germanium of x= 0.3, and the above-mentioned relaxed layer 23 is formed m the thickness ot 

rooSl^X^ron this relaxed layer 23, the strain effect silicon layer 24 used as the semiconductor 
laver which has the strain effect is formed as an example at the thickness of 13nm. as the thickness in 
which this strain effect silicon layer 24 can pull out the strain effect - for example, the thickness ot 5nm 
- about 30nm » it is good if preferably formed in the thickness of 5nm - about 15nm Like the above, the 
semiconductor substrate 11 in which a field-effect transistor 1 is formed is constituted. 
[00251 The field-effect transistor 1 explained below is formed in this semiconductor substrate II. I hat 
is on the above-mentioned strain effect silicon layer 24, the gate electrode 13 is formed through the gate 
insulator layer 12, and the source drains 14 and 15 are formed in the upper layer of the strain effect 
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silicon layer 24 in the both sides of this gate electrode 13. The above-mentioned gate insulator layer 12 
consists of a silicon oxide whose thickness is 6nm, and the above-mentioned gate electrode 13 consists 
of contest polysilicon. Moreover, as for the above-mentioned source drains 14 and 15, for example, the 
junction depth is formed in about 5nm Therefore, these source drains 14 and 15 will be formed only in 
the strain effect silicon layer 24 whose thickness is 13nm The field-effect transistor 1 is constituted like 

f0026]°The above-mentioned strain effect is explained here. The strain effect is the phenomenon in 
which the degree of electron transfer will become large if it says that the effective mass of a carrier 
changes when the energy band is distorted and tensile stress is received (the mobility of an electron 
hole becoming small), and the mobility of an electron hole will become large if compressive stress is 
received (the degree of electron transfer becomes small), when the thin film semiconductor receives 
stress in a thin film semiconductor. ia Jie/ , . 

r0027l in the above-mentioned field-effect transistor 1, since the source drains 14 and 15 (the junction 
depth is 5nm) are formed only in the strain effect silicon layer 24 whose thickness is 13nm, junction ot 
the source drains 14 and 15 will exist in the strain effect silicon layer 24 Therefore, generating of 
junction leak of a field-effect transistor 1 is suppressed. Moreover, in a silicon network, the strain effect 
silicon layer 24 receives tensile stress by the difference of a lattice constant with the relaxed layer 23 
which consists of silicon and silicon germanium of a ground. Since the channel layer of a field-effect 
transistor 1 will be formed in this strain effect silicon layer 24, degeneracy of the bottom of a conduction 
band is cleared as for an electron, the effective mass becomes small, and mobility increases near the 
double precision. Therefore, the mutual conductance gm of a field-effect transistor 1 improves near the 
double precision as a nMOS transistor. 

[00281 Next the outline composition cross section of drawing 2 explains an example ot the 2nd 
operation ge'stalt concerning a field-effect transistor. In drawing 2 , the same sign is given to the same 
component part as aforementioned drawing! explained. , . _ 

r0029l the field-effect transistor 1 which explained the field-effect transistor 2 by drawing 1 as shown m 
drawing; 2 - setting - source drain 14 and 15 top - being the so-called - it accumulates and the source 
drains (or it is also called an EREBETEDDO source drain) 31 and 32 are formed It consists of these 
' silicon epitaxial layers 33 and 34 with which it accumulates and is formed by the source drams 31 and 
32 on the source drain 14 and 15, and refractory-metal silicide layers 35 and 36 currently formed in the 
silicon epitaxial layers 33 and 34. The above-mentioned silicon epitaxial layers 33 and 34 are formed m 
the thickness of about 50nm. 
> r0030l In addition, the offset insulator layer 16 is formed on the gate electrode 13, and the sidewall 
i? / insulator layers 17 and 18 are formed in the side attachment wall of this gate electrode By this, it 

accumulated with the gate electrode 13 and short-circuit with the source drains 31 and 32 is prevented. 
* Moreover the above-mentioned source drains 14 and 15 are good for the sidewall insulator layer 17 and 

n the strain'effect silicon layer 24 under 18 also as LDD (Lightly Doped Drain) structure in which the low 
\ P V concentration diffusion layer was formed. Moreover, the gate electrode 13 may be formed with polycide 
structure With this polycide structure, the above-mentioned offset insulator layer 16 is not formed. 
[00311 In the above-mentioned field-effect transistor 2, it becomes possible to reduce sheet resistance of 
the source drains 14 and 15, without silicide-izing the source drains 14 and 15 by having accumulated 
and having formed the source drains 31 and 32. Consequently, the high-speed operation of a field-ettect 
transistor 2 becomes more possible to stability. 

[00321 Next, the manufacturing process view of drawing 3 explains an example ot the 1st operation 
gestalt concerning the manufacture method of the field-effect transistor of this invention In drawing .3 , 
the same sign is given to the same component part as aforementioned drawing 1 explained. 
[00331 As shown in (1) of drawing 3 , with epitaxial growth technology, such as an ultra- high -vacuum 
chemical vapor-growth (UHV-CVD) method and molecular beam epitaxy [MBE (Molecular Beam 
Epitaxy)] p which changed germanium concentration in the thickness direction on the silicon substrate 
21 - The buffer layer 22 which consists of silicon germanium (Sil-x Gex) of type For example, it forms in 
the thickness of 1.6 micrometers by changing composition of germanium to x= 0.3 from x= 0^04 towards 
an upper layer side, and depositing silicon germanium from a silicon -substrate 21 side, p which was able 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/20/03 



rage jolh 



to be pulled up for example, by the CHOKURARU skiing [CZ (Czochralski)] method in the above- 
mentioned silicon substrate 21 - A type silicon substrate is used. . 
r0034l p by which stress is furthermore eased on the above-mentioned buffer layer 22 - Composition ot 
germanium deposits the silicon germanium of x= 0.3 on the thickness of 0.6 micrometers, and forms the 
relaxed layer 23 which consists of silicon germanium of type. And the strain effect silicon layer 24 used 
as the semiconductor layer which has the strain effect is formed as an example on this relaxed layer 23 
at the thickness of 13nm the thickness in which this strain effect silicon layer 24 can pull out the strain 
effect for example, the thickness of 5nm - 30nm, - it is good if preferably formed m the thickness of 
5nm - 15nm When UHV-CVD was adopted, for example as membrane formation conditions tor the 
above-mentioned strain effect silicon layer 24, the mono silane [SiH4] (flow rate . 20sccm) or the 
disilane (Si two H6) (flow rate : 5sccm) was used for material gas, the pressure of membrane formation 
atmosphere was set as 1.33microPa, substrate temperature was set as about 600 degrees C, and film 
formation was performed. In addition, seem expresses the volumetric flow rate (a part for cm3/) in 

fOoSnn addfrio^it is desirable to form the above-mentioned buffer layer 22, the relaxed layer 23, and 
the strain effect silicon layer 24 continuously within the same chamber. In this case, by using a mono 
silane (SiH4), germane (GeH4), or a disilane (Si two H6) and germane (GeH4) for material gas, and 
changing each gas ratio suitably After forming the above-mentioned buffer layer 22 and the relaxed 
layer 23 by forming the silicon germanium layer of a desired component ratio, germane's supply is 
stopped and the strain effect silicon layer 24 is formed using a mono silane or a disilane. 
r0036] In the strain effect silicon layer 24 formed by the above-mentioned method, tensile stress has 
arisen by the difference in the lattice constant of a silicon germanium layer (relaxed layer 23) and a 
silicon layer (the strain effect silicon layer 24). Thus, the semiconductor substrate 11 is formed. 
[00371 Subsequently, as shown in (2) of drawing 3 , the gate insulator layer 12 is formed by the silicon 
oxide on the strain effect silicon layer 24. then, after depositing contest polysihcon anc forming die gate 
electrode layer 41 (the portion shown according to a two-dot chain line is also included) by CVD, 
S of the resist film is carried out with formation of the resist film (illustration el ipsis) by resist 
appUcS and lithography technology, and the gate electrode 13 is formed by the gate electrode layer 
41 wS the formation which is a resist mask (illustration ellipsis), and the etching technology which 
used the resist mask for the etching mask By this etching, the portion shown according to the two-dot 
chain line of the gate insulator layer 12 also ********** s . 

fo038 as shown in (3) of drawing 3 after that, the ion implantation of the impurity for forming a source 
E s Carried out tYthe^effect silicon layer 24 in the both sides of the gate electrode : l wj* the 
ion-implantation which used the gate electrode 13 as the mask, and the source drains 14 and 15 which 
are n types are formed in the upper layer of the strain effect silicon layer 24 
r0039l As the above-mentioned ion-implantation conditions, when arsenic ion (As* ) is used for an 
mpurity. the projection range of arsenic ion is set as 6nm for placing energy as 5keV(s), for example, 
and it is a dose 5x1015 pieces/cm 2 It set up. Then, activation annealing is performed. As this annealing 
^ condition, in the case of furnace annealing, for example, annealing temperature is set up as 800 degrees 
C and annealing time is set up in 20 minutes. Moreover, when ELA (Excimer Laser Annealing) 
; performs rapid heating annealing (RTA.Rapid Thermal Annealing), it is the energy of for example, an 
0 irradiation laser beam 1 J/cm2 It sets up. Moreover, by performing such activation annealing, the source 
- drains 14 and 15 (the junction depth is about 6nm) of shallow junction are formed. In addition, in order 
to form shallow junction certainly, as for the above-mentioned annealing, it is desirable to carry out by 
RTA Thus, a field-effect transistor 1 is formed. . 
r0040l In addition, although the above-mentioned source drains 14 and 5 were formed with the ion 
implantation, it is also possible to form, for example using methods, such as laser doping, gaseous-phase 
doDine and solid phase doping. . 
r0 041 1 By the manufacture method of the above-mentioned field-effect transistor, since the source 
drains 14 and 15 of a field-effect transistor 1 are formed only in the strain effect silicon layer 24, junction 
of the source drains 14 and 15 will be formed only in the strain effect silicon layer 24. Therefore, as for 
the field-effect transistor 1 formed by this manufacture method, generating of junction leak was 
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r0042l Next the manufacturing process view of drawing 4 explains an example of the 2nd operation 
gestalt concerning the manufacture method of a field-effect transistor. In jjrawing.4 , the same sign is 
liven to the same component part as aforementioned drawing _ explained. 

fo043l In the manufacture method of a field-effect transistor explained by aforementioned drawing 3 , 
after forming the gate electrode layer 41 and forming the offset insulator layer 16 on the gate insulator 
layer (41) used as the gate electrode 13 as shown in (1) of drawing 4 , patterning of the gate is performed. 
Subsequently, the source drains 14 and 15 are formed and the sidewall insulator layers 17 and 18 are 
formed after that. Then, alternatively, by the epitaxial grown method, silicon is alternately deposited 
onThe source drain 14 and 15, and the silicon epitaxial layers 33 and 34 are ^ » of 
about 50nm. In addition, in making the above-mentioned source drains 14 and 15 into LDD (Lightly 
Doped Drain) structure, after performing patterning of the gate, it forms the low concentration 
SffulnTayer which forms LDD structure in the strain effect silicon layer 24 of the lower part of the 
sidewall insulator layer formed behind with an ion implantation. Subsequently, after inning the 
sidewall insulator layers 17 and 18 in the side attachment wall of the gate electrode 13, the high 
concentration field of the above-mentioned source drains 14 and 15 is formed. 
f0044l Subsequently, as shown in (2) of dtzmngA , the refractory-metal layer 37 is formed b> 
Sg o ^ chLcal vapor-growth(^ethod all over the silicon epitaxial layer -3 side .and 
34 rides Then, heat-treat (for example, RTA), the silicon of the silicon epitaxial layers 33 and 34 and 
the metal of the refractory-metal layer 37 are made to react, and the refractory-metal sihcide layers 35 
fnd * are formed in theYilicon epkaxial layers 33 and 34. The above-mentioned refractory^metal ayer 
37 is toed Ifo! example, in a titanium layer. In this case, the above-mentioned refractory-metal sihcide 
layer s aEnd 36 turn Fnto a titanium sihcide layer. Then, etching removes the unreacted refractory- 
meS layer 37 (portion shown according to a two-dot chain line) on the sidewall insulator ^Uznd 
T[ the offset insulator layer 16 and ], for example. Thus, on the source dram 14 and 15 it consists of 
refractory-metal silicide layers 35 and 36 formed in the silicon epitaxial layers 33 and 34, and 

the source drains 31 and 32 are formed, and a field-effect transistor 2 is formed. In 
addition WaWmentioned silicide -izing, in forming the gate electrode 13 in polycde strucrure 
simXneously, th e above-mentioned offset insulator layer 16 forms the above-mentioned refractory- 
metal layer 37 in the state of contacting on the gate electrode 13 without forming. 
P00451 By the manufacture method of the above-mentioned field-effect transistor 2, since it 
accumuK and the source drains 31 and 32 are formed by silicide-izing the upper part o .the source 
™4 and the silicon epitaxial layers 33 and 34 deposited on 15, the source drains 14 and 15 are not 
£ ™ ed. Therefore, where the source drains 14 and 15 of shallow junction are left, it becomes 
oossible to reduce sheet resistance of the source drains 14 and 15 

r0046l Next the outline composition cross section oftelllg5 explains an example of the 1st 
SKl^t concerning the semiconductor device of this invention. In drawmg5 , the same sign is 
given to the same component part as aforementioned drawing..! explained. 

[0047] As shown in drawing! the semiconductor substrate 11 is constituted as follows. That is the 
buffer layer 22, the relaxed layer 23, and the strain effect silicon layer 24 are formed ,n order on the 

r004°8 n ] TtXe'-mentioned silicon substrate 21 is p which was able to be pulled up for example by 
the CHOKURARU skiing (CZ) method. - It consists of type silicon. Moreover the above-mentioned 
buffer laye 22i p whichchanged germanium concentration in the thickness direction. - It consists of 
Sn germanium which it consisted [ germanium ] of silicon germanium (Si 1-x Gex) of type, for 
example Ranged composition of germanium from x= 0.04 to x= 0.3 towards the upper layer side from 
the silicon-substrate 21 side, for example, is formed in the thickness of 1.6 micrometers, 
m^te^ the relaxed layer 23 is n by which stress is eased. - It consists of silicon german.um 
SiO 7 g ermanium0.3) of type, and is formed in the thickness of 0.6 micrometers. Furthermore the 
boVe mooned strain effect silicon layer 24 is formed in the thickness of 13nm as an examplejh, 
Sn effect silicon layer 24 is the thickness which can pull out the strain effect. For exampU, what ,s 
nec ssary is to just be preferably formed in the thickness of 5nm - 15nm in 5nm - 30nm thickness. 
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r0O5Ol Moreover, it is formed in the upper layer of the strain effect silicon layer 24 to the relaxed layer 
23 applying the isolation field 51 of the trench structure of separating electrically the held m which the 
field-effect transistor 3 of the field in which the n channel type field-effect transistor 1 is formed, and a 
p-channel type is formed, the field applied to the upper layer of the strain effect silicon layer 24 in 
which the field-effect transistor 1 of further an n channel type is formed, and the relaxed layer 23 - p -- 
n wells 26 are formed in the field applied to the upper layer of the strain effect silicon layer 24 in which 
a well 25 is formed in and the p-channel type field-effect transistor 3 is formed, and the relaxed layer 23 
Like the above the semiconductor substrate 11 in which the semiconductor device 5 which consists of 
an n channel type field-effect transistor 1 and a p-channel type field-effect transistor 3 is formed is 

[00511 The above-mentioned n channel type field-effect transistor 1 accomplishes the fo " owi "S 
composition That is, in the upper layer of the strain effect silicon layer [ m / the both sides of this gate 
deTode 13 / on the above-mentioned strain effect silicon layer 24, the gate electrode 13 is formed 

hrough the gate insulator layer 12, and ] 24, it is n*. The source drains 14 and 15 which consist of a type 
S Tayfr are formed. The above-mentioned gate insulator layer 12 consists of a silicon oxide whose 
dSess to 3nm, and the above-mentioned gate electrode 13 consists of contest polyalicon Mortover, 

s for the bove^mentioned source drains 14 and 15, for example, the junction depth is formed m about 
6nm Therefore, these source drains 14 and 15 will be formed only in the strain effect silicon layer 24. 
The field-effect transistor 1 is constituted like the above. 

[o052 O * other hand, the above-mentioned p-channel type field-effect transistor 3 accomphshes 
he following composition. That is, in the upper layer of the strain effect silicon layer [ in / the both 
ides of this gate electrode 73 / on the above-mentioned strain effect silicon layer 24 the ga* _electrode 
73 is formed through the gate insulator layer 72, and ] 24, it is p* The source drains 74 and 75 which 
consist™ a type diffusion layer are formed. The above-mentioned gate insulator layer 72 consists of a 
ilicon ^SteSdmi is 13nm, and the above-mentioned gate electrode 73 consists of contest 
doSco Moreover, as for the above-mentioned source drains 74 and 75 for example, the junction 
depth s formed n a b o Ut 7n m. Therefore, these source drains 74 and 75 will be formed only in the strain 
effect 1 coTLyer 24. Like the above, the p-channel type field-effect transistor 3 is consnruted 
005* Tin the above-mentioned semiconductor device 5, since the source drains 14 and 15 of the n 
channel rJpe field-effect transistor 1 and the source drains 74 and 75 of the p-channel type ^Id-effect 
S«2Ta« formed only in the strain effect silicon layer 24, each junction of the source drains 14 and 
S anfthe source drains 74 and 75 will exist in the strain effect silicon layer 24. Therefore generating of 
unctior eak stops being able to occur easily. Moreover, since the channel layer of the n channel type 
ffld^«™Sw 1 is g formed in the strain effect silicon layer 24, a silicon network receives tensile 
s^ess by the difference of a lattice constant with the relaxed layer 23 which consists of silicon^ and 
Scon germanium of a ground. Therefore, degeneracy of the bottom of a conduction band Reared as 
o an elec^on the effective mass becomes small, and the mobility within the inversion layer near the 
ZS^SSLn/^ oxide increases near the double precision. Therefore, the 
Z as a nMOS transistor improves near the double precision. It becomes the conventional CMOS 
future and ahLt equivalent structure from each source drains 14 and 15 and the source drains 74 
an^7?being footed tothe one more strain effect silicon layer 24. Therefore, structure becomes easy. 
?00541 Akhough the above-mentioned semiconductor device 5 consists of one n channel type field- 
ffect transiswr 1 and one p-channel type field-effect transistor 3, it may consist of a two or more n 
ch nnd rype field-effect transistor 1 and a two or more p-channels type field-effect transisttr . 1 
[00551 Next the outline composition cross section of drawing 6 explains an example of the 2nd 
operation gestalt concerning a semiconductor device. In dr^mg6 , the same sign is given to the same 
component part as aforementioned drawing 5 explained. = ___w,„ 

Si tne field-effect transistor 1 which explained the field-effect transistor 2 by drawing 5 as shown 
n drawine 6 - setting - source drain 14 and 15 top - being the so-called - it accumulates and the 
ource drains 3 and 32 are formed That is, it accumulates and the source drains 31 and 32 consist of the 
sou c d rain 14 si "icon epitaxial layers 33 and 34 currently formed on 15, and refectory .netal ahc.de 
layS 35 alid 36 currently formed in the silicon epitaxial layers 33 and 34. In addition, the offset 
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insulator layer 16 is formed on the gate electrode 13, and the sidewall insulator layers 17 and 18 are 
formed in the side attachment wall of this gate electrode 13. Moreover, the above-mentioned source 
drains 14 and 15 are good for the sidewall insulator layer 17 and the strain effect silicon layer 24 under 18 
also as LDD structure in which the low concentration diffusion layer was formed. 
[00571 the field-effect transistor 3 which, on the other hand, explained the field-effect transistor 4 by 
drawing 5 - setting - source drain 74 and 75 top » being the so-called -- it accumulates and the source 
drains 81 and 82 are formed That is, it accumulates and the source drains 81 and 82 consist of the source 
drain 74 silicon epitaxial layers 83 and 84 currently formed on 75, and refractory-metal sihcide layers 85 
and 86 currently formed in the silicon epitaxial layers 83 and 84. In addition, the offset insulator layer 76 
is formed on the gate electrode 73, and the sidewall insulator layers 77 and 78 are formed m the side 
attachment wall of this gate electrode 73. Moreover, the above-mentioned source drains 74 and 75 are 
good for the sidewall insulator layer 77 and the strain effect silicon layer 24 under 78 also as LDD 
structure in which the low concentration diffusion layer was formed. Moreover, the gate electrodes 13 
and 73 may be formed with polycide structure. With this polycide structure, the above-mentioned 
offset insulator layers 16 and 76 are not formed. . 
[00581 Without accumulating and silicide-izing the source drains 14 and 15 and the source drains 74 
and 75 the source drains 31 and 32 and by having accumulated and having formed the source drains 81 
and 82 the above-mentioned semiconductor device 5 enables it to reduce sheet resistance of the source 
drains 14 and 15 and the source drains 74 and 75, where shallow junction is maintained. Consequently, 
the high-speed operation of the wiring connected to the source drains 14 and 15 and the source drains 
74 and 75 becomes possible. , 
[00591 The manufacturing process view of drawing 7 explains an example of the 1st operation gestalt 
concerning the manufacture method of the semiconductor device of this invention. Inlawing 7 , the 
same sign is given to the same component part as aforementioned drawing 3 explained 
[00601 By the same method as (1) of aforementioned drawing 3 explained, as shown m (1) of drawing 
n which changed germanium concentration in the thickness direction on the silicon substrate 21 - The 
buffer layer 22 which consists of silicon germanium (Sil-x Gex) of type For example, it forms m the 
thickness of 1.6 micrometers by changing composition of germanium to x= 0.3 from x= 0.04 towards an 
upper layer side, and depositing silicon germanium from a silicon-substrate 21 side, p which was able to 
be pulled up by the CZ process in the above-mentioned silicon substrate 21 - A type silicon substrate is 

used • c 

[00611 n by which stress is furthermore eased on the above-mentioned buffer layer 22 - Composition ot 
germanium deposits the silicon germanium of x= 0.3 on the thickness of about 0.6 micrometers and 
forms the relaxed layer 23 which consists of silicon germanium of type. And the strain effect silicon 
laver 24 used as the semiconductor layer which has the strain effect is formed as an example on this 
relaxed layer 23 at the thickness of 13nm the thickness in which this strain effect silicon layer 24 can 
pull out the strain effect, for example, the thickness of 5nm - 30nm, - it is good if preferably formed m 
the thickness of 5nm - 15nm In this strain effect silicon layer 24, tensile stress has arisen by the 
difference in the lattice constant of a silicon germanium layer (relaxed layer 23) and a silicon layer (the 
strain effect silicon layer 24). Thus, the semiconductor substrate 11 is formed. 

[00621 Then, it forms in the upper layer of the strain effect silicon layer 24 to the relaxed layer 23 by the 
formation method of the isolation field of the usual trench structure applying the isolation field 51 o 
the trench structure of separating electrically the field in which the field-effect transistor 3 of the field 
in which the n channel type field-effect transistor 1 is formed, and a p-channel type is formed. In 
addition the formation method of the isolation field of the above-mentioned usual trench structure is a 
method of forming the isolation field 51, by embedding an insulator layer in the trench and removing the 
excessive insulator layer on the semiconductor substrate 11 by etchback, chemical mechanical polishing, 
etc. after that, after forming a trench in the semiconductor substrate 11 with for example, lithography 
technology and etching technology. 

[00631 subsequently, the field applied to the upper layer of the strain effect silicon layer 24 in which the 
n channel type field-effect transistor 1 is formed, and the relaxed layer 23 - p -- a well 25 is formed with 
ion-implantation On n wells 26, for example, the resist mask (illustration <DP N-0010> ellipsis) is 
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formed in that case, then, the field applied to the upper layer of the strain effect silicon layer 24 in which 
STo-channel type field-effect transistor 3 is formed, and the relaxed layer 23 after removing the above- 
mentioned resist mask - n a well 26 is formed with ion-implantation On p wells 25, for example, the 
resist mask (illustration ellipsis) is formed in that case. And this resist mask is removed after an ion 
mnlamation In addition, whichever. the n above-mentioned well 26 and p wells 25 form previously, 
inconvenience does netfiave them Hereafter, in<2) - (4) of/fevingl , illustration of a part of silicon 
substrate 21 and buffer layer 22 is omitted^ . , 

0064] Subsequently, by the same method, as shown in (2) of drawi^Z the gate insulator layer 12 (72) 
s forrned by the silicon oxide™ the strain effect silicon layer 24 as (2) of aforementioned temgi 
xSed. Then, after depositing contest polysilicon and forming the gate electrode layer 41 (portion 
shown according to a two-dot chain line) by CVD, With the etching technology which earned out 
patterning of the § resist film with formation of the resist film (illustration ellipsis) by resist apphcanon, 
and hthography technology, and used formation of a resist mask (illustration ellipsis , and its resist 
mask for the etching mask While forming the gate electrode 13 of an n channel type field-effect 
Snsi tor whTch consists of a gate electrode layer 41 on the gate insulator layer 12 the gate electrode 73 
of a P -channel type field-effect transistor which consists of a gate electrode layer 41 is formed on the 
gateLulator layer 72. By this etching, the portion shown according to the two-dot chain line of the 

inojl^I . after forming a wrap resist mask (illustration 
S ftKTwei 25 top with a resist application and lithography technology, the ,on 
of the p I impurity for forming the source drain of a p-channel type field -effect transistor ,s earned 
P r SLl/n«rion the eate electrode 73 is used as a mask, the ion implantation for example, 
of h" out to the strain effect silicon layer 24 in the both sides o 

Itte eCode 73 as the above-mentioned p type impurity, and the source drains 74 and 75 of n mold 
are toed in the upper layer of the strain effect silicon layer 24 As the above-mentioned ion- 
implantation conditions, when 2 boron-fluoride ion (BF2+) is used for p type impurity, the projecnon 
r3e o?2 boron fluorid ion is set as 5nm by setting placing energy to 5keV(s), and it is a dose 3x1015 
oteS™ P le, 2 It set up. Then, for example, oxygen ashing and washing processing remove 
Se ^^bovT-mTnooned resist mask. In addition, a thin oxide film (illustration ellipsis) may be formed 
before the fon i plantation of the above-mentioned boron, and this thin oxide film may be removed 

he n well 26 top with a resist application and lithography technology the ion implantation of the n 
wn impurity for forming the source dram of an n channel type field-effect transistor is earned out. in 
2^SnUnStion the Rate electrode 13 is used as a mask, the ion implantation of the arsenic ion 
t ) is c7ned ^ut to hefcrain effect silicon layer 24 in the both sides of the gate electrode 13 as the 
aWe mentioned n type impurity, and the source drains 14 and 15 of n mold are formed in the upper 
laver - S sSn effort silicon layer 24 As the above-mentioned ion-implantation conditions when 
arsenic ion Sis used for n type impurity, the projection range of arsenic ion is set as 6nm for placing 
pnerov as 5kcVfsHor example, and it is a dose 5x1015 pieces/cm 2 It set up. 

Si Subsequent y, for example, oxygen ashing and washing processing remove the above-mennoned 
Kffi activation annealing is performed. As this annealing condition, m the case of furnace 
Staffer example, annealing temperature is set up as 800 degrees C, and annealing time is set up in 
30^nutt Moreover, in the case of rapid heating annealing [ELA (Excimer Laser Annealing)], it is the 
ene^y of an irradiation laser beam 1 j/cm2 It sets up. By performing such activatior .annealing the 
source drains 14 and 15 of shallow junction are formed. Simultaneously, the source drains 74 and 75 are 
2 actiS by this activation annealing. Thus, the semiconductor device 5 which consists of an n 
channel field-effect transistor land a p-channel field-effect transistor 3 is formed. 
fo068 n addition although the above-mentioned source drains 14 and 15 and the source drains 74 and 
75 we« ^ formed with the ion implantation, it is also possible to form, for example using methods, such 
as laser domne caseous-phase doping, and solid phase doping. 

?0069] | B> ^manufacture method of the above-mentioned semiconductor device, since the source 
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drains 14 and 15 of the n channel field-effect transistor 1 and the source drains 74 and 75 of the p- 
channel field-effect transistor 3 are formed only in the strain effect silicon layer 24, each junction of the 
source drains 14 and 15 and the source drains 74 and 75 will be formed onJy in the strain effect silicon 
layer 24 Therefore generating of junction leak is suppressed. Moreover, since each source drains 14 and 
15 and the source drains 74 and 75 are formed in the one strain effect silicon layer 24 and it is not 
necessary to manufacture the channel cambium corresponding to each source drams 14 and 15 and the 
source drains 74 and 75, a manufacture process becomes easy. 

[0070] Next, the manufacturing process view of drawing! explains an example of the 2nd operation 
Ltalt concerning the manufacture method of a semiconductor device below. In drawmg 8 , the same 
iign is given to the same thing as the component part shown in aforementioned drawing 4 and dj_i___ng 

rami In the manufacture method of the semiconductor device explained by aforementioned drawing 7 , 
after forming the gate electrode layer 41 and forming the offset insulator layer 16 on the gate insulator 
layer (41) used as the gate electrodes 13 and 73 as shown in (1) of drawings , patterning o the gate is 
performed. Subsequently, the source drains 14 and 15 and the source drains 74 and 75 are formed, and 
the sXall insulator layers 17 and 18 and the sidewall insulator layers 77 and 78 are formed after that 
fn addition, in making the above-mentioned source drains 14 and 15 and the source drains 74 and 75 into 
LDD (Lightly Doped Drain) structure, after performing patterning of the gate, it forms the low 
concentration diffusion layer which forms LDD structure with an ion implantation. In this case, LDD of 
a p-channel type field-effect transistor is formed by the p type low concentration diffusion layer, and 
LDD of an n channel type field-effect transistor is formed by the n type low concentration diffusion 
layer Then while forcing the sidewall insulator layers 17 and 18 in the side attachment wa o the ga e 
elec^od li, after forming g the sidewall insulator layers 77 and 78 in the side attachment wall of the gate 
e ecttode 73 each high concentration field of the source drains 14 and 15 and the source drams 74 and 75 
is formed with the impurity doping technology (for example, ion implantation) which is adapted for 

fo072l Then alternatively, by the epitaxial grown method, on the source drain 14 and 15, silicon is 
ffl^Stly and the silicon epitTxial layers 33 and 34 are formed. Simultaneously or i the 
source drain 74 and 75, silicon is deposited alternatively and the silicon epitaxial layers 83 and 84 are 

r0073l d Subsequently, by the same method, as shown in (2) of drawing 8 , after forming the refcKtory' 
l Sfon^e,titLum) layer 37 all over the silicon epitaxial layer ;33 34 and 83 side and i 84 sides, 
heat treatment (for example, RTA) is performed, the refractory-metal sihcide (for 
silicide) layers 35 and 36 are formed and accumulated on the silicon epitaxial layers 33 and 34, and the 
source drams 31 and 32 are formed as (2) of aforementioned 6rmmgA explained. Simultaneously, he 
Xctory-metal silicide (for example, titanium silicide) layers 85 and 86 are formed and accumulated 
on the smcon epitaxial layers 83 and 84, and the source drains 81 and 82 are formed. Then etching 
remove the umeacted refractory-metal layer 37 (portion shown according to a two-dot chain line), for 
example Thus, the semiconductor device 5 which consists of a field-effect transistor 2 which 
accTmu ated and formed the source drains 31 and 32, and a field-effect transistor 4 which accumulated 
and formed the source drains 81 and 82 is formed. In addition, in the above-mentioned sihcide-iz.ng m 
forming the gate electrodes 13 and 73 in polycide structure simultaneously, the above-mentioned of set 
Sator layers 16 and 76 form the above-mentioned refractory-metal layer 37 in the gate electrode 13 
and the state of contacting on 73 without forming. 

r0074l By the manufacture method of the above-mentioned semiconductor device since the upper part 
of the source drains 14, 15, and 74 and the silicon epitaxial layers 33 34, 83, and 84 deposited on 75 is 
sU cid ized, and is accumulated and the source drains 31, 32, 81, and 82 are formed, the source drams 14, 
5 74 and 75 are not silicide-ized. For the reason, where shallow junction of the source drains 14 and 15 
is maintained, it becomes possible to reduce sheet resistance of the source drains 14 and 15. Similarly, 
sheet resistance of the source drains 74 and 75 is also reduced. 

r O 075l Next the circuit diagram of drawing 9 explains an example of the 1st operation gestalt 
concerning the logical circuit of this invention. The following explanation attaches and explains the 
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same sign to a thing like each component part explained by aforementioned drawing 1 and drawing 5 . 
[00761 The logical circuit 111 shown in drawjng9 is ISSCC Dig.Tech.Papers and 'Cascode Voltage 
Switch Logic A Differential CMOS Logic Family. [Feb.] (1984) Heller, LG.and Griffin, W.R., pl6-17 It 
is equivalent to the circuitry currently indicated. And the n channel type field-effect ^nsistors 
/nMOS) 112-115 which constitute logic, and the p-channel type field-effect transistor (pMOS) 121 122 
which constitutes a pMOS intersection latch are formed in the strain effect silicon layer 24 formed in 
the upper layer of the semiconductor substrate 11 explained by aforementioned drawing 1 and drawing 
5 This composition is the feature of the logical circuit of this invention. That is, each source dram 
frustration ellipsis) of the above 112-nMOS 115 is also formed only in the strain effect silicon layer 24, 
and each source drain (illustration ellipsis) of the above pMOS121,122 is formed only in the strain effect 

[00771 In^above-mentioned logical circuit 111, since each source drain of nMOS 112-115 is formed only 
in the strain effect silicon layer 24, junction of each source drain will exist in the strain effect silicon 
layer 24 Therefore, since generating of junction leak stops being able to occur easily, improvement in 
the reliability of a logical circuit 111 can be aimed at. Moreover, in the a ^-™ n ^ on . rf ^,^^ 
111 logic consists of nMOS(s) 112-115, and the load is formed by the intersection latch of pMOS121,122. 
In this case, when an output changes and a pMOS intersection latch is reversed, while a direct current 
flows to a logical circuit and change of an output is completed, a direct current will not flow. Moreover, 
as a feature of this logical circuit 111, the electric field built over each transistor at the time of operation 
are eased Therefore, since the fall of mobility does not take place, high-speed operation becomes 
possible. Moreover, since the channel layer of nMOS is formed in the strain effect silicon layer 24, a 
silicon network receives tensile stress by the difference of a lattice constant with the relaxed layer 23 
wh ch consists of silicon and silicon germanium of a ground. Therefore, degeneracy of the bottom of a 
conduction band is cleared, as for an electron, the effective mass becomes small, and mobility increases 
near the double precision. Therefore, the mutual conductance gm as a nMOS transist 
the double precision. On the other hand, since high performance is not demanded at P MOS121 122, the 
composition in a few element number is attained. Thus, the logical circuit in which high-speed 
operation is possible consists of low batteries. 

[00781 Next the circuit diagram of drawing 10 explains an example of the 2nd operation gestalt 
concerning a logical circuit. The following explanation attaches and explains the same sign to a thing 
like each component part explained by aforementioned drawing] and drawing 5 
00791 The logical circuit 131 shown in drawing 10 is IEEEJ.Solid-state Circuits, A 3.8-ns CMOS 16x16- 
b MukipHe Using Complementary Pass-Transistor Logic, and '25. [2] (1990) Yano, K.et al and P 388- 
395 It is equivalent to the circuitry currently indicated and is one of the basic circuits using the pass 
transistor logic. That is, the logical circuit is constituted by the nMOS path transistor. And the n 
channel type field-effect transistors (nMOS) 132-135 which constitute a pass transistor logic, CMOS 
Lverte H3 144 and the p-channel type field-effect transistor (pMOS) 141,142 which performs 
ZpZsrton of an output level are formed in the strain effect silicon layer 24 formed m the upper layer 
of the semiconductor substrate 11 explained by aforementioned arawing.1 and drawing 5 . This 
composition is the feature of the logical circuit of this invention. That is, each source drain (illustration 
ellipsis) of the above 132-nMOS 135 is also formed only in the strain effect silicon layer 24, and the 
source drain (illustration ellipsis) of the above pMOS141,142 and each source dram (illustration ellipsis) 
of CMOS inverter 143,144 are formed only in the strain effect silicon layer 24. 
[00801 In the above-mentioned logical circuit 131, since each source dram of nMOS 112-115 is tormed 
only in the strain effect silicon layer 24, junction of each source drain will exist in the strain effect 
silicon layer 24. Therefore, since generating of junction leak stops being able to occur easily, 
improvement in the reliability of a logical circuit 111 can be aimed at Moreover, logic is constituted by 
the nMOS path transistor, and it has the driving force of a load reinforced i i n j the l above ; m K e ^° n f 
logical circuit 131, for example while "H" level returns that only the threshold voltage of nMOS falls 
rather than VDD with CMOS inverter 143,144 formed in the output, when it lets the signal ot H level 
oass for example, to a nMOS path transistor. Furthermore, an output level is compensated by the 
intersection latch of pMOS141,142. That is, "H" level is amended to VDD. Driving force ,s not needed for 
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pMOSHl 142 for that. In addition, what is necessary is to be large in the channel width of pMOS141,142, 
and just to design channel length small, in order to make it reversal operation of an intersection latch of 
P MOS141,142 not become slow. 

[00811 Subsequently, the circuit diagram of dj______gil explains an example of the 3rd operation gestalt 

concerning a logical circuit. The following explanation attaches and explains the same sign to a thing 
like each component part explained by aforementioned drawing 1 and drawing . 
[00821 The logical circuit 151 shown in drawing 11 Proc.lEEE 1994 C1CC and "A High Speed and 
LowPower, Swing Restored Pass-Transistor Logic Based Multiply and Accumulate Circuit for 
Multimedia Applications and' [May] (1994) Prameswer, A., Hara, H., and Sakurai, T., and P 358-362 It 
is equivalent to the circuitry currently indicated and is one of the basic circuits using the pass transistor 
loeic That is, the nMOS pass transistor logic and the CMOS latch are used. And the n channel type 
field-effect transistors (nMOS) 152-155 which constitute a pass transistor logic, and the p-channel type 
field-effect transistor (pMOS) 161,162 which constitutes a CMOS latch and the n channel type field- 
effect transistor (nMOS) 163,164 are formed in the strain effect silicon layer 24 formed in the upper layer 
of the semiconductor substrate 11 explained by aforementioned drawing I and drawing 3 . This 
composition is the feature of the logical circuit of this invention. That is, each source dram (illustration 
ellipsis) of the above [ nMOS / nMOS and / 163,164 ] 152-155 is also formed only m the strain effect 
silicon layer 24, and each source drain (illustration ellipsis) of the above pMOS161,162 is formed only m 
the strain effect silicon layer 24. (nrmP A 
[00831 In the above-mentioned logical circuit 151, since each source dram of nMOS 112-115 is formed 
only in the strain effect silicon layer 24, junction of each source drain will exist in the strain effect 
silicon layer 24. Therefore, since generating of junction leak stops being able to occur easily, 

improvement in the reliability of a logical circuit 131 can be aimed at. 

[00841 Furthermore, since a CMOS latch has the feature to which a margin of operation becomes large 
as compared with a pMOS intersection latch in order to operate with a push pull and static current 
does not flow, a working speed becomes quick. Therefore, rather than the aforementioned logical circuit 
i31 low-power-ization can be attained and high-speed operation becomes possible Morecwer. even if 
the ratio of each gate width of pMOS of the CMOS latch to the path transistor of nMOS composition 
and nMOS changes, it has the advantage which can take the large optimal field of a time delay. 
Therefore, the design margin has the advantage to which it becomes large and a manufacture margin 
also becomes large in connection with it. _„.,_,_, 
[00851 In addition, the above-mentioned logical circuit 111,131,151 is an example and it is possible to use 
he composition which forms a field-effect transistor 1 and a semiconductor device 5 or the strain effect 
silicon layer 24 explained to other logical circuits using the path transistor network, for example DSL 
(Differential Split -Level logic), DCVSPG (Differential Cascode Voltage Switch with the Pass-Gate), etc. 
by above-mentioned drawing!, djawjngl, etc. f , . nn 

[00861 Next the outline composition cross section of draw ing 12 explains an example of the operation 
gestalt concerning the semiconductor substrate of this invention. In drawi.ng.12 , the same sign is given 
to the same thing as the component part explained by aforementioned drawing 1 
0087] As shown in drawing* , as for the semiconductor substrate 91, the strain effect silicon £yei 24 
which is a semicond^toTTa^r in which the relaxed layer 23 is formed ,n and has the strain , effect . at : a it 
top is formed on the germanium substrate 92. The above-mentioned relaxed layer 23 is n. - It consists of 
silicon germanium (Si0.7 germanium0.3) with which the stress of type (or p-) is eased for example, is 
formed in the thickness of about 0.6 micrometers. In addition, the composition ratio of germanium is 
not limited to the above-mentioned value, and is chosen suitably. Moreover, the strain effect s.I.con 
layer 24 is the same as that of what was explained by aforementioned drawing 1 . The semiconductor 
substrate 91 is constituted like the above. aT*»~Air 
[00881 In the above-mentioned semiconductor substrate 91, since the germanium substrate 92 is used, it 
is possible to form the relaxed layer 23 which consists of a silicon germanium layer by which stress is 
eased directly, without forming a buffer layer on the germanium substrate 92^ That is, since grid 
mismatching cannot occur easily between the germanium substrate 92 and the relaxed layer 23, it 
becomes possible to adopt the above-mentioned composition. Therefore, the structure of the 
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semiconductor substrate 91 is simplified and the process which forms this semiconductor substrate 91 
is also simplified. 

[0089] Next, the above-mentioned semiconductor substrate 91 can form in the strain effect silicon layer 
24 of the semiconductor substrate 91 the field-effect transistor 1 explained by aforementioned drawing 1 
using the semiconductor substrate 9J explained by above-mentioned drawing 12 instead of the 
aforementioned semiconductor substrate 11 explained by aforementioned drawing 1 . Moreover, it is also 
possible to form in the strain effect silicon layer 24 of the semiconductor substrate 91 the 
semiconductor device 5 explained by aforementioned dxawjng 5 using the semiconductor substrate 91 
explained by above-mentioned drawing 12 instead of the aforementioned semiconductor substrate 11 
explained by aforementioned drawing 5 . 

[0090] ' _ 
[Effect of the Invention] As mentioned above, since the source drain is formed only m the strain etlect 
silicon layer which is a semiconductor layer which has the strain effect according to the field-effect 
transistor of this invention as explained, junction of a source drain exists in the strain effect silicon 
layer Therefore, since generating of junction leak stops being able to occur easily while being able to 
aim at improvement in the mobility of a transistor, it becomes possible to aim at improvement in a 
transistor performance. 

[0091] Since the source drain of a field-effect transistor is formed only in the strain effect silicon layer 
which is a semiconductor layer which has the strain effect according to the manufacture method of the 
field -effect transistor of this invention, junction of a source drain can be formed only in the strain effect 
silicon layer. Therefore, generating of junction leak can be suppressed. 

[0092] Since the source drain of a p-channel type field-effect transistor and the source dram ot an n 
channel type field-effect transistor are formed only in the strain effect silicon layer which is a 
semiconductor layer which has the strain effect according to the semiconductor device of this invention, 
junction of each source drain exists in the strain effect silicon layer. Therefore, since generating of 
junction leak stops being able to occur easily while being able to aim at improvement in the mobility ol 
a transistor it becomes possible to aim at improvement in a transistor performance. Moreover it 
becomes the conventional CMOS structure and almost equivalent structure from each source dram 
being formed in the one strain effect silicon layer. Therefore, structure becomes easy. 
[00931 since the source drain of a p-channel field-effect transistor and the source drain of an n channel 
field-effect transistor are formed only in the strain effect silicon layer which is a semiconductor layer 
which has the strain effect according to the manufacture method of the semiconductor device of this 
invention junction of each source drain accepts it in the strain effect silicon layer, is boiled, and can be 
formed Therefore, generating of junction leak can be suppressed. Moreover, since each source drain is 
formed in the one strain effect silicon layer and it is not necessary to manufacture the channel cambium 
corresponding to each source drain, simplification of a manufacture process can be attained. 
[0094] Since according to the logical circuit of this invention the strain effect silicon layer is tormed in 
the upper layer of a semiconductor substrate and the source drain of each field-effect transistor is 
formed only in the strain effect silicon layer, junction of each source drain exists in the strain effect 
silicon layer Therefore, since generating of junction leak stops being able to occur easily while being 
able to aim at improvement in the mobility of a transistor, it becomes possible to aim at improvement in 
a transistor performance. Moreover, it becomes the conventional CMOS structure and almost 
equivalent structure from the source drain of each field-effect transistor being formed m the one strain 
effect silicon layer. Therefore, structure becomes easy. 

[0095] According to the semiconductor substrate of this invention, since the germanium substrate is 
used it becomes possible to form the relaxed layer which consists of a silicon germanium layer by 
which stress is eased directly, without forming a buffer layer on a germanium substrate. That is, since 
grid mismatching cannot occur easily between a germanium substrate and a relaxed layer, it becomes 
possible to adopt the above-mentioned composition. Therefore, the process which can simplify the 
structure of a semiconductor substrate and forms a semiconductor substrate can be simplified. 
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